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Fertilizer Requirements

of Alfalfa Hay
in Utah'

J. P. Thorne
G. T. Baird

BULLETIN 374 -

APRIL 1955

_)t}'U~ttee'eat E~UIeeIet StatitJle
UTAH STATE AGRICULTURAL COLLEGE

This bulletin is a report of one phase of research in agronomy
What is agronomy? Agronomy is the science of crop production and soil management and includes a scientific study of all phases of soils and soil conservation,
irrigation practices, fertilizer usage, crop rotations, plant breeding, selection and
management of new crop varieties, weed control, and other practices that lead to
increased production of better quality crops.
There are Many Opportunities for Employment in Agronomy:

Farming; soil conservation specialists; farm planners; county agents; salesmen for
fertilizers, seeds, insecticides, and weed killers; fieldmen for sugar and canning companies; irrigation specialists; research positions in all phases of soils and improved
crop production, and teaching in colleges. These are but a few of the many opportunities for an enjoyable and profitable career in a field close to nature. Job opportunities exceed the present supply of well trained men.
Utah State Agricultural College is one of the best places in the world for
training in Agronomy:
~ A highly trained staff of men who have conducted experiments on the agricultural
problems of every county in Utah, most of western United States, and of many foreign
lands teach the classes and work closely with the students. The staff consists of 25
technically trained men with doctorate or masters degrees.

~ Extension specialists and county agents working with farm people and farm problems in every county of the state bring these problems to the campus for discussion
and recommendations by the faculty and students.
~ Close access of experimental farms to the campus provides opportunities to observe
directly the latest research findings in agriculture.
~ A new agricultural science building with the most modern equipment, classrooms,
and laboratories provides training facilities the equal of those available anywhere.

~

There are opportunities for part time work for many students. This not only helps
many to pay school expenses, but provides an important part of a real education.

~

A college education at Utah State Agricultural College will introduce you to a
pleasant and profitable way of life among friendly and helpful associates of high
scholastic and moral standards.
If interested in a career in agronomy, write to Agronomy Department,
Utah State Agricultural College. Further information will be sent on request.

Summary
~

Alfalfa is the most extensively grown crop on the irrigated lands of Utah.

~ As early as 1926 field trials showed alfalfa yields could be markedly increased by
the application of phosphate fertilizers.
~

Experiments were conducted to determine the effects of kinds, rates, methods, and
time of application of fertilizers upon the yield and composition of alfalfa hay. A
survey involving 219 locations was made to determine the potash status of alfalfa
fields.
~Results

obtained have shown that in general the effectiveness of phosphate fertilizers
is dependent on the content of available P ~O;; .

~

Method and time of application of phosphate were found to be relatively unimportant, although the benefits from broadcast application to established stands may
be delayed somewhat by unfavorable moisture conditions.

~

About 80 pounds of P 20 5 per acre was usually the most profitable rate of application; yet a higher rate may be required on phosphorus deficient soils.

~

Residual effects of phosphate application were found to persist for several years.

~ The total phosphorus content of alfalfa hay is generally increased by the application
of phosphate fertilizer.
~ Suggested critical levels of phosphorus and potassium 10 the soil are 4 to 6 ppm
CO2 soluble PO~ and 15 ppm CO 2 soluble potassium. In alfalfa the suggested critical
level for phosphorus is .18 percent and for potash 1 percent.
~

The need of phosphate or potash can be predicated fairly well by analyzing either
the soil or alfalfa plant material.

~

No economical yield increases have been obtained from the application of either
nitrogen or potassium to established stands of alfalfa.
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Hay harvested from plots of equal size, phosphated on left, non-phosphated on right

FERTILIZER REQUIREMENTS
OF ALFALFA HAY IN UTAH
Rex F. Nielson, James P. Thorne, and Glenn T. Baird

Alfalfa the Maior Crop in Utah

A

for hay, although 15 percent of the total
acreage may be harvested for seed in any
given year.
Utah's livestock program is directly dependent upon alfalfa hay, as the amount
of feed that can be obtained by grazing is
limited. Alfalfa is also the principal crop
in rotation systems of this area that increases soil organic matter and enriches
the supply of nitrogen.

is the major forage crop in
Utah with 407,000 acres harvested
each year. About one-third of the total
cropped land of the state is devoted to its
production. Alfalfa is grown largely on
irrigated land, although there is a limited
acreage on dry lands. Its total sale value
is greater than for any other crop produced in the state, including winter wheat.
Most of the alfalfa in Utah is harvested
LFALFA

5

Many factOrs influence alfalfa yields,
some of the more important are insects,
disease, moisture, salt, alkali, and soil
fertility. Present methods of control of
insects have proved effective and the thinning out of stands and consequent yield
reduction because of wilt have been
largely corrected through the widespread
use of resistant varieties such as Ranger
and Buffalo. The moisture supply can, to
a large extent, be controlled by proper
irrigation in areas where ample supplies
are available; however, there are still
many areas where yields are inaterially reduced by lack of water or improper irrigation practices.

The early tests found manure to be beneficial. In 1926 at the Greenville Farm at
North Logan, Pittman discovered that
alfalfa gave a marked response to concentrated superphosphate (Pittman and Burnham 1932) . This is th~ first experiment
reported in the literature where phosphorus was used to fertilize alfalfa in
Utah. Prior to this time it was thought
that phosphate was not needed because
the total phosphorus content of Utah soils
was rather high. Numerous trials have
been conducted since this initial experiment using various kinds, rates, and combinations of commercial fertilizers. Phosphorus, nitrogen, potassium, manure, gypsum, sulfur, and several minor elements
have all been tested to measure their in-8
fluence on alfalfa yields. The yield of
alfalfa hay was not increased by treatment
with minor elements in several tests in
Utah (Jones et al. 1953) .

Studies have been conducted for more
than 30 years in Utah to determine the
fertilizer needs of alfalfa. These trials
have varied from simple strip tests to well
replicated randomized block experiments.

Phosphorus the Most Generally Deficient Nutrient
fertilizer experiments have
been conducted in all the alfalfa
producing areas of the state. Many tests
were made on fields of farmers in cooperation with county agents. Other tests
were on experimental farms. The results
of these investigations all show that phosphorus is the most generally deficient
plant nutrient for alfalfa in Utah soils.

Superphosphates. Rock phosphate is
acidulated to varying degrees to produce
superphosphate, concentrated superphosphate (treble superphosphate) , and phosphoric acid. These materials vary from
16 to 52 percent available P 20 5. A test
was conducted at Petersboro, Cache County, where two rates of phosphate in the
form of concentrated super and phosphoric acid were compared. The super
was tested both broadcast and drilled. The
data shown in table 1 are the yields and
phosphorus content of alfalfa for four
years following the initial treatment.
These results indicate that in this experiment phosphoric acid was somewhat inferior to superphosphate in increasing
yields and phosphorus content of alfalfa
hay. Data reported from Arizona, Colorado, and Idaho (Olsen et al. 1954 ) show

RECENT

Kinds of Phosphate Fertilizers
Raw rock. Various kinds of phosphate
fertilizers are produced and new materials
continue to become available. Rock phosphate is the form in which natural deposits are found. This material is used in
a finely ground condition as a phosphate
fertilizer; however, in tests conducted in
Utah it has failed to increase yields of
crops treated even when applied at the
rate of 1,000 pounds per acre.
6

yields were equivalent when alfalfa was
treated with phosphoric acid and superphosphate.
Comparisons were made between super
and concentrated superphosphate at several locations in Utah in 1949. These
plots were harvested for two years to
measure residual effects of the materials.
The data are shown in table 2. These
materials produced similar results when
applied in equivalent amounts of P 20 5.

phosphorus content is the most important
of its ingredients in increasing alfalfa
yields. The supply of manure on the
farms of Utah is rather limited and it can
be used to greater advantage on crops
where nitrogen is needed. This makes it
advisable to use commercial phosphates
in order to maintain high production of
alfalfa.

Peterson et al. (1953) report in a review of phosphate fertilizer investigations
in the fifteen western states that super,
concentrated super, and phosphoric acid
are about equally effective and as a group
are more effective than calcium metaphosphate.
Thermal phosphates. Calcium metaphosphate was developed by TVA and has
been available from this source for several
years. This product is made by bringing
phosphorus bearing furnace gases in contact with phosphate rock at high temperatures. Earlier work done by the Utah
Station (Pittman and Thorne 1941) indicates that calcium metaphosphate is
about equal to concentrated superphosphate in increasing the yields of alfalfa.
Recent work reported in table 3 shows
both materials are equally effective in increasing yields.

The problem of how to apply fertilizer
to alfalfa has been considered for a number of years. Earlier investigators were of
the opinion that phosphate should be incorporated into the soil by plowing or
disking in order to make it positionally
available to plants. Studies during the
last few years have changed this original
concept. Most of the trials conducted recently have compared drilling phosphate
in the soil with broadcasting it on the
surface. The results of some of these trials
are shown in tables 1 and 4. It may be
observed from these data that neither
method has a distinct advantage over the
other. Investigators in other areas have
obtained similar results.
Observations from numerous field trials
definitely show that established stands of
alfalfa can effectively use phosphorus applied on the soil surface without its being
incorporated with the soiL When the fertilizer is to be applied before seeding
alfalfa it may be convenient to fertilize
the land prior to plowing.
Phosphorus may be applied to alfalfa
in irrigation water either as phosphoric
acid or dissolved superphosphate. This
method should be discouraged unless absolute control of water can be maintained.
It appears that method of application of
phosphorus to alfalfa is not critical, therefore any method that can be used to apply
it uniformly to the land would probably
give satisfactory results.

How to Apply Phosphate

Rhenania phosphate is produced by
sintering phosphate rock with soda and
silica. This product has been used in
Europe for a number of years. Two local
firms have produced small amounts of
this product. Data in table 4 show that
rhenania phosphate increased yields of
alfalfa, but was not as effective as concentrated superphosphate.
Manure. The value of barnyard manure
in fertilizing alfalfa has long been recognized. In comparing it with commercial
fertilizers it becomes apparent that its
7

Table 1.

The influence of concentrated superphosphate and phosphoric acid on the yield and phosphorus content of alfalfa hay at
Petersboro, Cache County

1947
Treatment
None
200 lbs.
600 lbs.
200 lbs.
600 lbs.
165 lbs.
495 lbs.

C.S.P. bdcst.
C.S.P. bdcst.
C.S.P. drilled
C.S.P. drilled
phosphoric acid
phosphoric acid

L.S.D.5 %

1948

1949

Yield

Avg.
% P

Yield

Avg.
% P

.60
3.14
3.19
2.36
2.86
2.01
2.84

.130
.177
.182
.194
.208
.170
.187

.36
1.27
1.39
1.18
1.44
1.10
1.42

.138
.165
.192
.169
.157
.159
.176

.45

.017

.19

1950
Avg.
% P

Yield

tons per acre
.75
.120
2.33
.149
3.32
.175
2.58
.137
.162
3.56
1.92
.135
3.40
.165

.51

.023

Yield

Avg.
% P

Total
yield

Total
lbs. P
removed

.75
1.24
2.06
1.15
1.90
1.14
2.22

.115
.120
.155
.128
.165
.117
.165

2.46
7.98
9.96
7.27
9.76
6.17
9.88

6.08
25.23
34.96
23.16
34.22
18.18
34.17

.54

.042

00

Table 2.

A comparison of superphosphate and concentrated superphosphate on the yield and phosphorus content of alfalfa

Treatment
None
200 lbs.
450 lbs.
400 lbs.
900 lbs.

C.S.P. (43% )1A
S.P. (19 % )1A
C.S.P. (43% )1A
S.P. (19 % )1A

L.S.D.5 %

Circleville
1949
1950
Avg.
Avg.
Total
Total
yield
yield
% P
% P

Kingston
1949
Avg.
Total
yield
% P

1950
Avg.
Total
yield
% P

Panguitch
1950
1951
Avg.
Avg.
Total
Total
yield
yield
% P
% P

1.02
2.07
2.12
2.41
2.11

.140
.230
.240
.200
.230

.11
.63
.78
.95
1.05

.150
.195
.155
.190
.215

1.86
2.25
2.20
2.29
2.07

tons per acre*
.190
.75
.220
1.19
.240
.85
.260
1.49
.220
1.06

.195
.210
.185
.245
.205

.98
1.91
1.89
1.61
2.03

.58
1.27
1.32
1.85
1.57

.141
.153
.174
.219
.181

.44

.036

.49

N.S.

N.S.

N.S.

.026

N.S .

.35

N.S .

*Yield of one cutting, fertilized 1949.

.37

When to Apply Phosphate
The time of the year when phosphate
can best be applied has nOt been extensively investigated. It would be desirable
to apply phosphate at times other than
during the peak work load in the spring,
providing it is equally effective. With
this in mind twO experiments were carried out and data collected for two years.
Two dates of application were compared
-fall and spring. The results of these
tests are given in table 5. It is evident
from the data that fall treatment was
equally as effective as spring treatment.
These results have been further substantiated by field observations. It has been
nOted in Other experiments that if moisture conditions are not favorable response
from spring application may be delayed.
Fall application on such sites would probably be superior to spring treatment.
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The amount of phosphate to apply to
alfalfa for most profitable yields has been
studied in a number of experiments. Data
are lacking, however, from experiments to
determine frequency of application. The
majority of the experiments conducted
recently in Utah have compared 0, 86,
and 129 pounds of P 20 S per acre. These
tests have been made on fields having
various degrees of phosphate deficiency.
The majority of the data shows that for
the first twO or three years following
treatment, the 86 pound rate is as effective as the 129 pound rate. This is modified somewhat on fields that are extremely
deficient, in which case the higher rate is
more beneficial. Two or three years after
being applied the residual effects of the
higher rate are usually superior to those
of the lower rate.
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The question arises as to whether it is
desirable to make a large single applica9

o

~

cion, or twO applications of smaller
amounts. This question must be answered
for each soil and cropping condition. A
soil test will aid in determining the degree
of phosphate deficiency. On soils extremely deficient in phosphorus it would
probably be desirable to make a large
initial application. If the deficiency is nOt
severe, a treatment of 200 pounds of concentrated superphosphate per acre every
three or four years may be adequate.
It may be nOted from the data reported
in previous tables that the first increment
of phosphorus increases yields considerably more than the next increment. The
economics of cost versus higher yields
must be considered when evaluating rates.
For the majority of the alfalfa fields tested
in Utah a treatment of about 200 pounds
of concentrated superphosphate per acre
would be more profitable than higher
rates.

How Long Does It Last
The effects of phosphorus in Utah last
for several years. Pittman made a strip
test application on the Greenville farm in
1928. The rate used was rather excessive
being 2,600 pounds of concentrated superphosphate per acre. Data were collected
on these strips each year until 1940. No
additional fertilizer applications were
made. Results from these strip tests
Table 4.

showed that 13 years after the original
application was made the yields of alfalfa
hay were still materially higher on the
phosphated strips than they were on the
adjoining non-phosphated strips.
Data in table 1 from Petersboro show
a significant residual effect four years
after treatment. Phosphate was applied to
plOts at North Logan at the rate of 86
pounds of P 20 5 per acre for four years.
No additional treatments were made, yet
the yields of alfalfa seven years after the
last application are significantly higher
on treated plots than on check plots. Numerous tests have been made in various
counties of the state where 200 pound
applications of concentrated superphosphate (43 % ) have had pronounced effects on alfalfa yields four years after
applications. It is apparent from the large
amount of data available from Utah and
Other areas that phosphate fertilizer does
increase alfalfa yields on many soils for
a number of years after being applied.
The length of time the residual effects
may last depends upon the amount of the
original application and various soil characteristics.

Phosphorus Content of Alfalfa
Chemical analysis of alfalfa from a
large number of fertilizer plots has been
made and phosphorus content determined.

A comparison 0/ concentrated superphosphate and rhenania phosphate fertilizer,
Panguitch
Fertilized 1953

Fertilized 1952
Treatment

1952

1953

1953

1954

tons per acre
None
200 lbs. C.S.P. (43 % )
358 lbs. rhenania no. 1
granulated (24 % )
358 lbs. rhenania no. 1
powdered (24 % )
506 lbs. rhenania no. 2
(17%)
L.S.D.5 %

1.48
2.29

1.40
2.92

1.37
2.92
2.18

.87
2.64
2.15

2.07

2.27

2.35

2.13

2.22

2.62

2.61

2.36

.34

.56

.30

.45
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Nielsen (1940) report a disease (parturient hemoglobinemia ) of high producing dairy cows caused by low phosphorus
in the diet. A study revealed that the
phosphorus content of alfalfa on 19 farms
where this disease occurred was .15 percent. Alfalfa grown on soils adequately
supplied with phosphorus contains .20 to
.25 percent phosphorus. They further rePOrt that the use of fertilizer on forage
crops tends to be beneficial in preventing
the disease. With the widespread use of
phosphate fertilizer in Utah at the present
time this disease is less prevalent.

..
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Predicting the Need for
Phosphate
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Alfalfa is a crop that has high phosphorus requirement. It responds well to
phosphate fertilizer when grown on soils
that are low in available forms of phosphorus as has been shown by the data
already presented. In spite of the fact
that good response to phosphate is obtained on many soils, there are still many
other soils on which phosphate fertilizer
will not improve the growth of alfalfa.
Thus, it is important that soils low in
available phosphorus be distinguished
from those that contain ample quantities.
Chemical analysis of the soil is a logical
approach to the problem and provides a
satisfactory means of determining the

Fig. 1. Percent yield increase of alfalfa hay
obtained from the application of 200
pounds of concentrated superphosphate
as related to carbon dioxide-soluble phosphate in the soil

These data all show that on soils low in
available phosphorus the phosphorus content of alfalfa is directly influenced by
the amount of phosphate applied (tables
1, 2, 3 and 4). Considerable data not reported here further substantiate this claim.
The nutrition of farm animals is directly affected by phosphate fertilizers
used on alfalfa. For example, Madsen and
Table 5.

Yield of alfalfa at two locations comparing fall and spring treatment
Duchesne

Cache
Treatment
None
86 lbs. P20 slacre, fall
86 lbs. P 20 slacre, spring
172 lbs. P20 slacre, fall
172 lbs. P20 J acre, spring
L.S.D. 5%
*One cutting

1950

1951

.96
1.19
1.14
1.20
1.17
N.S.

1.37
1.55
1.53
1.64
1.79
.26

11

1951
tons per acre*
.41
.75
.78
.95
1.05
N.S.

1952

Average

.29
1.01
1.03
1.38
1.38
.37

.76
1.13
1.12
1.29
1.35

a sodium bicarbonate solution as the extracting agent is rapidly gaining favor
because of its more universal application.
The CO 2 method is not as reliable as the
sodium bicarbonate method when a wide
variety of soil conditions are encountered
( Olsen et at. 1954). To date comparisons
of the two methods on Utah soils show
them to be about equally reliable.
Available phosphorus values obtained
on a number of soils are plotted against
percent yield increase in figure 1. It is
evident from this figure that there is a
close correlation and that if the soil contains less than 4 parts per million CO 2 soluble P0 4 alfalfa is likely to respond to
phosphate. As the soil content increases
above 4 ppm improved yield of alfalfa
becomes less probable.
Information other than the soil test
value is also of importance in estimating
the need of phosphate. For example, the
amounts of phosphate that have been applied should be known along with the
cropping history. In some cases available
phosphorus has been known to exist in
the soil in greater quantities than the test
values indicated. When alfalfa has been
grown for a long period of time on the
same SOlI, as in a hay and grain rotation,
the required treatment rates may be
higher than usual.
The phosphorus content of the alfalfa
itself is an index of the need for phosphate fertilizer. The critical level, that is
the content of phosphorus in the plant
below which phosphate fertilizer is likely
to improve yields, is about .18 percent P
(Larson et at. 1952) (fig. 2).

..

Fig. 2. Percent yield increase of alfalfa hay
obtained from the application of 200
pounds of concentrated superphosphate
as related to total phosphorus content of
the alfalfa

level of phosphorus availability. It has
been known for years that the total phosphorus content of the soil is not a good
index to phosphate need. Large quantities
of insoluble phosphate are found in some
soils that are deficient in available forms.
Chemical methods for extracting available
forms of phosphorus have therefore been
developed. The method most commonly
used in the West employs carbonic ~cid
as the extractant (National Soil and Fertilizer Committee 1941). The phosphorus
thus extracted is usually referred to as the
CO 2 -soluble P04 • Another method using

The Need for Potassium

IS

THE potassium requirement of alfalfa is

Nonexistent at Present

potash fertilizer. Potassium has, therefore, been included in practically all field
experiments with alfalfa. Data in table 6
are typical of the results obtained. They

relatively high. That is, if a soil is low
in available potassium, alfalfa would be
one of the first crops to respond to added
12

Table 6.

Alfalfa yields as influenced by n itrogen, phosphorus, and potassium fertilizers,
1952

Treatment

Beaver

Tabiona

N one
Phosphorus
Phosphorus
nitrogen
Phosph orus
nitrogen
potassium

1.02
1.22
1.17
1.04

.50
.89
.80
.84

tons per acre*
1.76
1.02
1.74
1.38
1.42
1.75
1.72
1.37

L.S.D.5%
*Yield of one cutting

N.S.

.31

N.S.

+

+
+

Nephi

show no benefit from the added potash.
In general, soils of Utah are high in available potassium. Many of our irrigation
waters also carry significant amounts.
Thus it appears that no need for potash
fertilizer is likely to occur except where
both the soil and the irrigation water are
low in this nutrient.
In 1952 a study was begun which included an extensive sampling of alfalfa at
cutting time throughout the state. Two
hundred nineteen paired samples of alfalfa and soil were taken and their potassium content determined. The data thus
obtained provided a means for locating
areas low in potassium.
Field experiments with different rates
of potash application were set out in 1953
on four of the lowest testing soils. A significant yield increase was obtained on
only one of these fields. Data are presented in table 7. Several things are important in the interpretation of the data
obtained in this particular experiment
T able 7.

Logan

Panguitch

Average of
18 locatio ns

.61
1.17
1.28
1.20

1.19
1.50
1.54
1.49

.28

.29

where response was obtained. First, the
soil on which it was conducted was not
only low in potassium but was shallow
with a hard pan at about twelve inches.
Beneath the hard pan were gravel and
cobblestones. Second, the water used for
irrigating this field contained but a small
amount of potassium. Third, the yield
increase obtained, while statistically significant, was still uneconomical.
In a few parts of Utah where the soils
are not high in potassium and where irrigation waters are relatively pure, a need
for potash fertilizer probably will develop
some time in the near future.

Predicting the Need for Potash
Even though there is at the present
time no general need for potash fertilizer
on alfalfa fields in Utah, studies have been
made to determine what the critical levels
of potassium are both in soil and in plant
material. These levels have been fairly
well established in states where response

Influence of potash fertilizer on the yield and potassium content of alfalfa
Neola

Treatment
N o ne
100 lbs. K 20 / acre
200 lbs. KzO/ acre
300 l bs. K 20 /acre
L.S.D. 5 %

Neola

T otal
yield

Avg.
% K

Total
yield

.94
1.00
.96
1.02
N.S.

1.31
1.57
1.81
2.00
.26

1.09
1.14
1.22
1.30
.1 4

13

Avg.
% K

Brigham City

Providence

Total
yield

Avg.
% K

T otal
yield

Avg.
% K

ton s per acre
1.04
1.03
1.26
.90
1.62
1.02
1.62
1.02
.45
N .S.

1.62
1.73
1.84
1.88
N.S.

2.10
2.00
2.17
2.22
N.S.

1.62
1.70
2.11
1.97
N .S.

to potash fertilizer is obtained. The work
of several investigators indicates the critical content in the alfalfa plant material is
around 1.0 percent on a dry basis (Bear

and Wallace 1950, McCollam 1952, Stivers and Ohlrogge 1952).
If we assume that the critical level in
alfalfa in Utah is 1 percent, then the
potassium content of alfalfa plants can be
plotted against values obtained for available potassium in the soil and the critical
level in the soil estimated. It appears
from the curve in figure 3 that 15 parts
per million of CO 2 soluble potassium in
the soil is a critical level below which
alfalfa may suffer for want of potassium.
The only soil on which a yield response
to potash was obtained gave a test value
of 14 ppm potassium, while alfalfa grown
on this soil without potash fertilizer contained 1.04 percent potassium. Data of
table 7 show a significant increase in the
potassium content of the plant material
as a result of added potash.

---=-~-~-- ".
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Fig. 3. Total potassium content of alfalfa
hay as related to carbon dioxide-soluble
potassium in the soil

Nitrogen Does Not Increase Yields

A

Although data are not available on the
value of nitrogen fertilizer to new seedings, observations indicate there may be
some benefit derived from applying nitrogen to soils that are deficient in this element. Alfalfa probably does not obtain
any of the nitrogen fixed through the
symbiotic process until sometime after
nodules appear. There may, therefore, be
a period of four to six weeks while alfalfa
is becoming well established that it would
be dependent upon the soil for its nitrogen supply. Over-fertilizing a new planting with nitrogen might, on the other
hand, materially delay nodulation.

a leguminous plant with high
protein content, naturally requires a
large amount of nitrogen. In spite of its
ability to acquire nitrogen from the air
through a symbiotic process, alfalfa readily
utilizes available forms of nitrogen in the
soil. Replicated field trials have been
conducted on established stands of alfalfa
in Utah to determine whether nitrogen
fertilizers would improve yields. All of
these experiments have given negative
results. In other words, added nitrogen
has in no case increased yields. Good responses to phosphate were obtained on
many of these plots. Data for several
locations are presented in table 6.
LF ALF A,
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